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I 
 
 摘 要 
DNA 条形码（DNA barcode）是指在生物体内能够代表该物种的、标准的、
有足够变异的、易扩增且相对较短的 DNA 片段。自 2003 年 Hebert 提出条形码
概念后，此技术在动物和植物界取得了巨大进展，仅 COI 基因就已拥有 10 万
多条序列的相关信息。海洋生态系统的生物多样性远比陆地或淡水中都要高，
尤其是隐存种的存在较为普遍，DNA 条形码技术可以有效地检测和评估海洋生
物的物种多样性。相对于海洋鱼类和无脊椎动物的研究，海洋藻类的条形码研
究较为复杂，至今尚未发现类似于动物 COI 序列那样单一高效且适用于所有藻
类的条形码基因。因此，目前藻类条形码的研究仍集中在针对不同类群的条形
码评测上，对物种的准确鉴定需要 2-3 个该类群较为适用的条形码基因相互比
较和辅助。 
本研究使用了 DNA 条形码技术，结合形态学数据，对与海洋有害赤潮相
关的两种藻类 :（1）甲藻中的亚历山大塔玛复合种（Alexandrium tamarense 
species complex, Atama complex）；（2）夜光藻（Noctiluca scintillans）体内的共
生绿藻 Pedinomonas noctilucae Sweeney；分别进行了不同条形码基因的比较与
评估，并通过系统进化分析对它们进行了准确的鉴定，重新归类与命名。 
甲藻亚历山大藻是典型的有害赤潮藻类，由于缺乏有效的诊断性形态特征，
此类群在物种的分类鉴定上常遇到问题，尤其是由三个传统形态种（A. catenella, 
A. tamarense 和 A. fundyense）组成的亚历山大塔玛复合种，至今没有准确地系
统分类结论。此研究中我们利用已研究的 LSU 和 SSU 为分类框架，选取了全
球不同地理位置包括中国沿海的、代表三个形态种的 27 个株系，检测了 ITS
区作为塔玛复合种条形码基因的有效性。同时对 ITS、SSU 和 LSU 中存在的多
态性以及多态性对划分不同生物类群的干扰性进行了评估。结果主要包括：（1）
ITS 与 SSU 和 LSU 的进化结果一致，将塔玛复合种分成了五个簇；（2）ITS 片
段长度适中（510-520 bp），扩增和测序效率极高，进化树中簇内与簇间的遗
传差异明显，适合作为区分塔玛复合种的条形码基因；（3）此类群中普遍存在
的基因组内多态性并不会影响塔玛复合种的分类鉴定；（4）根据进化意义上的
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物种划分概念，这五个不同簇应分别定义为五个不同物种。 
阿拉伯北部海域近十年来的严重夜光藻赤潮，引起了当地极大的生态学危
害。共生于大型夜光藻中的绿色鞭毛藻 P. noctilucae 能在低氧环境下高效地光
合固碳，被认为是引起赤潮的主要原因。然而，此共生藻的系统分类仅局限于
形态学依据，且被研究者认为存在问题。本研究采用了 18S rDNA，rbcL 和 16S 
rDNA 作为 DNA 条形码，结合先前报道的形态学特征，对其进行了系统分类学
上的重新定位。三个基因的进化分析结果一致显示 P. noctilucae 与 Pedinomonas
中的典型种在进化关系上相距甚远，作为一个独立的属被归类到另一个目
Marsupiomonadales 中。考虑到 P. noctilucae 的形态特征、进化结果、生态习性
和国际物种命名的优先性原则，我们恢复了原始的属名，将其重新定名为
Protoeuglena noctilucae。 
本研究首次全面系统地评估了 ITS 作为 DNA 条形码在塔玛复合种中的应
用，解决了存在几十年的亚历山大塔玛复合种的鉴定难题，将原来的 3 个形态
种重新组合划分为 5 个种，并深入研究了基因多态性对物种分类鉴定所产生的
影响，为进一步准确研究相关藻华形成和毒素产生机制铲除了分类上的严重障
碍。另外，本研究首次提供了共生于夜光藻体内的绿藻 P. noctilucae 的分子数
据，将其在目的级别上重新划分并定名，为之后对此共生藻在生理和转录组方
面的研究铺平了道路。 
 
关键词：DNA 条形码；塔玛亚历山大复合种；ITS rDNA；夜光藻；Pedinomonas 
noctilucae；共生
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Abstract 
DNA barcode is a standardized, sufficiently variable, easily amplified and 
relatively short DNA fragment that can represent different species. Since 2003, when 
Hebert proposed the concept of DNA barcoding, this technology in the animal and 
plant community has made great progress. COI gene, the originally proposed 
universal DNA barcode, has already attained more than 100,000 sequences. The 
biological diversity of marine ecosystems is much higher than that of land or fresh 
water, especially the existence of cryptic species. DNA barcoding technology can 
effectively detect and evaluate the species diversity of marine life. Compared with 
marine fish and invertebrate research, DNA barcoding in marine algae is more 
complex, as no single widely applicable barcode marker like the COI gene in 
animals has been found. Therefore, the barcoding research in algae is still focused 
on the evaluation of multiple genes in different groups to identify species accurately, 
which requires comparison and evaluation 2-3 barcode markers. 
In this study, compared with the morphological methodology, DNA 
barcoding technique was used to address taxonomic questions related to two groups 
of harmful algae: (1) Alexandrium tamarense species complex (Atama complex); (2) 
the endosymbiont Pedinomonas noctilucae Sweeney inside of Noctiluca scintillans. 
Different DNA markers were compared and evaluated, and species in the Atama 
complex and the endosymbiont in N. scintillans were finally identified, classified 
and named according to the phylogenetic analysis results. 
The dinoflagellate genus Alexandrium is one of the major harmful algal 
bloom-forming genera. The classification and identification of species in this group 
is difficult due to limited morphological differences, especially for Atama complex, 
which composed of three morphological species (A. catenella, A. tamarense and A. 
fundyense), so far there is no accurate classification conclusion. In this study, under 
the classification framework based on the LSU and SSU rDNA, we selected 27 
strains that represented the three morphospecies of the Atama complex from 
different locations around the world including the China coast, to valuate the 
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effectiveness of ITS region in Atama complex. We further investigated the presence 
of intragenomic polymorphism in ITS, SSU and LSU and its interference in species 
delimitation. The results are as follows: (1) similar to the previous SSU and LSU 
results, our ITS-based phylogenies divided the Atama complex to five clusters; (2) 
the length of ITS fragment is suitable (510-520 bp), the efficiency of amplification 
and sequencing is very high; (3) the presence of genomic polymorphism in this 
group does not impact the taxon-resolving power of this gene; (4) according to the 
phylogenetic species concept, these five different clusters should be defined as five 
different species. 
In the last decade, field studies in the northern Arabian Sea showed 
widespread blooms of the green dinoflagellate Noctiluca, which caused serious 
ecological problems. Previous study proposed that the survival of N. scintillans may 
be tied to the extraordinary ability of its endosymbiont P. noctilucae to fix carbon 
under hypoxic waters. However, the taxomony of this endosymbionts is limited to 
morphological evidence and previous studies suggested that P. noctilucae was 
classified incorrectly. In this study, we used the 18S rDNA, rbcL and chloroplast 
16S rDNA as gene markers, in combination with the previously reported 
morphological features, to re-examine the phylogenetic position of this 
endosymbiotic algal species. Phylogenetic trees inferred from these genes 
consistently indicated that P. noctilucae is distantly related to the genotype of 
Pedinomonas. The sequences formed an independent genus within the family 
Marsupiomonadaceae. Based on the phylogenetic affiliation and ecological 
characteristics of this alga as well as the priority rule of nomenclature, we reinstate 
the genus Protoeuglena and reclassify the endosymbiont as Protoeuglena 
noctilucae. 
For the first time in this study, the application of ITS as DNA barcode in 
Atama conplex has been evaluated systematically and comprehensively, which 
solved the problem of identification of Atama complexe that has existed for several 
decades. We redefined the previous three morphospecies into five, and the effects of 
polymorphisms in species delimitation were studied in depth. The result will be 
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helpful for further research on the formation of blooms and the mechanism of toxin 
production. In addition, this is the first time the molecular data were collected and 
analyzed for the endosymbiont P. noctilucae of Noctiluca, and its transfer into 
another order paves the way for further evolutionary as well as physiological and 
transcriptomic studies in the future.  
 
Key Words: DNA barcoding; Alexandrium tamarense complex; ITS rDNA; 
Noctiluca; Pedinomonas noctilucae; symbiosis
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